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Description 

Technical Field of the Invention 

5 The present invention is in the technical field of water treatment, and in particular the field of reducing or 

eliminating certain iron deposits in aqueous systems, particularly industrial aqueous systems. 

Background of the Invention 

10 In aqueous systems, particularly industrial aqueous systems such as cooling water systems, boiler sys- 

tems, and the like, it is undesirable to have contaminant deposits accumulating on the internal surfaces of the 
equipment and pipes and the like. Such deposits may interfere with water flow, accelerate corrosion of metal 
parts and surfaces, reduce heat transfer, and lead to other problems. Among the undesirable deposits that may 
form and accumulate in aqueous systems are deposits of insoluble iron compounds that are derived from soi- 
ls uble iron present in the water of the system. 

Soluble iron may be introduced into an aqueous system by its presence in the feed or source water or in 
other ways. Soluble iron is generally believed to be iron in the form of its ferrous ion, which is in its second 
oxidation state, as Fe +2 , generally referred to as "iron (II)". Soluble iron, as this term is used herein, does not 
exclude, however, other forms of iron that may be dissolved or soluble in a given water system. 
20 In aqueous water systems, and in particular industrial aqueous water systems, the presence of soluble iron 

in the feed or source water, or the introduction of soluble iron species into the water of the system by other 
means, can lead to the undesirable precipitation of iron oxides and iron hydroxides which may settle and 
accumulate as deposits on surfaces in contact with the water. Such precipitation occurs when the waters con- 
taining such soluble iron are changed to a more oxidative environment. In other words, such soluble iron may 
25 precipitate from solution upon encountering oxidizing conditions. A very typical oxidizing condition encountered 
in industrial aqueous systems is a water pH of greater than 7.0. For instance, a typical source water has a pH 
of less than 7.0. When such source water is brought into an aqueous system, it may undergo an increase in 
pH, for instance by being admixed with water having a higher pH or being subjected to water treatment(s) that 
raise the pH. At least some oxygen is generally present in such water. The precipitation of iron oxides and hyd- 
30 roxides from waters initially holding soluble iron upon an increase in pH to greater than 7.0, and more typically 
upon an increase in pH to 8.0 or higher, some oxygen being present, is a common phenomenon. Such oxidizing 
conditions which can lead to such precipitation are not limited to increases in pH, but also include for instance 
the introduction of, or increase in the level of, an oxidizing agent such as chlorine and the like. Thus two factors 
are involved, La., the presence of soluble iron in waters introduced into an aqueous system, and then the in 
35 situ precipitation of iron oxide and hydroxide when the oxidizing condition of the aqueous environment is 
increased. 

As to iron precipitates, it is believed that most of such precipitate is composed of ferric oxide and ferric 
hydroxide, wherein the iron is in its oxidation state of three, referred to as "iron (III)". In the field of the present 
invention and for the purposes of the present invention the relative proportions of the precipitate between ferric 
40 oxide and ferric hydroxide is not important nor does it matter whether some, or even all, of the iron precipitate 
is ferrous oxide or ferrous hydroxide. Hence the iron precipitate, which is generally a mixture of ferric oxide 
and ferric hydroxide, possibly with some ferrous species therein, will be referred to hereinafter as iron 
(hydr)oxide. It is also to be understood that the term iron hydr(oxide) includes any and all hydrated forms of 
such oxides and hydroxides. 

45 In a typical aqueous system, the reduction or elimination of iron hydr(oxide) deposits is not the only problem 

addressed in treating the water to avoid the accumulation of contaminant deposits. For instance inhibition of 
scale deposits such as calcium phosphate scale, calcium organophosphate scale, and the like, is often import- 
ant. The presence of iron has at times been found to interfere with chemical treatments employed to inhibit such 
types of scale. Hence a water treatment that reduces or eliminates iron hydr(oxide) deposits that also inhibits 

so other scale deposits despite the presence of iron has additional advantages in water treatment as to efficacy 
and economy. 

The US-A 3928196 describes a process for removing rust and tubercles from a metal surface. In the pro- 
cess of US-A 3928196 an AMPS/AA copolymer which has a molecular weight or 1.000 to 10.000 is used with 
adding 1 to 100 ppm in order to disperse iron oxide and to inhibit the precipitation of scale forming salts. The 
55 problem of stabilisation of dissolved iron is not specifically investigated. 

It is an object of the present invention to provide a process that reduces or eliminates iron hydr(oxide) 
deposits that are, or can be, formed when the oxidizing conditions of an aqueous system that contains soluble 
iron are increased. It is an object to provide such a process wherein the presence of iron does not interfere 
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with at least some scale inhibition treatments, for instance treatments to inhibit calcium phosphate scale, cal- 
cium organophosphate scale, and like, including situations wherein the present process has the additional 
effect of inhibiting such scale. These and other objects of the invention are described in more detail below. 

5 Disclosure of the Invention 

The present invention provides a process for the stabilization of iron hydr(oxide) deposits or precipitates 
in aqueous systems wherein soluble iron is introduced into such system and thereafter a water environment 
having an increased oxidizing condition is encountered, which process is comprised of the addition to such 

10 aqueous system an amount of a certain agent, described below, effective to stabilize such iron hydr(oxide) in 
order to prevent or reduce the formation of (hydr)oxide deposits. It is believed that the process of the present 
invention reduces or eliminates iron hydr(oxide) deposits in such aqueous systems by the mechanisms of inhibi- 
tion of incipient precipitate, and/or dispersancy of precipitate. The present invention is not dependent upon 
which mechanism, or whether a combination of mechanism, is involved in providing the advantageous effects 

15 of the process. The process of the present invention provides a level of a certain agent in such aqueous systems 
without which significantly higher amounts of iron hydr(oxide) deposits would form upon soluble iron being pre- 
sent when increased oxidizing conditions are encountered. As discussed in more detail below, the advantages 
of the present process may be demonstrated by the level of iron in water samples after deposits have settled, 
as compared to like-processed water samples that do not contain the agent employed in the present process. 

20 For purposes generally of water treatment, and for the purposes of the present invention, it does not matter 
whether the iron retained in the water is in a solubilize form or is effectively dispersed so as to prevent settling. 
The present invention provides a process wherein a level of aforesaid certain agent is maintained in aqueous 
water systems. 

The above-mentioned agent employed in the present invention is a polymer containing pendant N-substt- 
25 tuted amide functionality having the chemical formula of Formula I : 



Formula I 


wherein Ri is hydrogen or alkyi, R is alkyiene having 1 to 3 carbon atoms or phenylene, X is sulfonate, and 
the alkyiene and phenylene may be further substituted with (poly)hydroxy. 
35 In preferred embodiment the pendant N-substituted amide functionality is within polymer units having the 

chemical formula of Formula II : 


R' 
I 

C — ) — 
i 

C = 0 Formula II 

i 

N - R - X 

I 

so wherein R' is hydrogen or methyl and R, R 1f and X are as defined above for Formula I. 

Such N-substituted amide-containing polymer is a polymer substantially derived from ethylenically unsatu- 
rated amide-containing and carboxylate-containing monomers, subjected to post-polymerization derivatization 
wherein some or all of the amide functionality is converted to N-substituted amide functionality according to 
Formulas I or II above. 

55 These and other preferred embodiments of the present invention are described in more detail below. 


40 


45 
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Preferred Embodiments of the Invention 

The polymer employed in the present invention in preferred embodiment may be one containing units of 
sulfomethy acrylamide, sulfomethyl methacrylamide, sulfoethyl acrylamide, sulfoethyl methacrylamide, sulfop- 
5 ropyl acrylamide, sulfopropyl methacrylamide, hydroxysulfoethyl acrylamide, hydroxy sulfoethyl methac- 
rylamide, hydroxysulfopropyl acrylamide, particularly 2-hydroxy-3-sulfo propyl acrylamide, hydroxysulfopropyl 
methacrylamide, sulfophenyl acrylamide, sulfophenyl methacrylamide, hydroxysulfophenyl acrylamide, and 
hydroxysulfophenyl methacrylamide, it being understood that where the unit as designated includes isomers, 
such as the designation hydroxysulfophenyl acrylamide, all reasonable isomers thereof are included. 
w The polymer employed in the present invention in preferred embodiment contains units derived from acrylic 

acid and methacrylicacid as the carboxylate containing monomers, although such carboxylate functionality may 
be derived from other carboxylate containing monomers such maleic anhydride or acid, itaconic acid, and the 
like, It has been demonstrated that process of the present invention is extremely effective using polymers whe- 
rein the carboxylate functionality is derived from acrylic acid, but the use of other carboxylate-containing 
15 ethylenically unsaturated monomers is believed to provide a similarly active polymer. The term carboxylate as 
used herein includes the acid form and its alkali metal and ammonium salts. 

The polymer employed in the present invention may be substantially a copolymer of N-substituted amide 
units and carboxylate-containing units, or in other embodiment it may be substantially a terpolymer that further 
contains un substituted amide units. In such latter instance, the unsubstituted amide units are preferably derived 
20 from the monomers acrylamide and methacrylamide. 

The polymer employed in the present invention may contain mixtures of the above described N-substituted 
amide units or carboxylate-containing units, or unsubstituted amide units, or the polymer employed may be a 
mixture of polymers varying as to their N-substituted amide units or carboxylate-containing units, or unsubsti- 
tuted amide units, and varying as to their molecular weights. 
25 In preferred embodiment, the polymer employed in the present invention has a mole ratio of 5 to 85 moles 

of the N-substituted amide functionality-containing units to 15 to 95 moles of other unit(s). In further preferred 
embodiment such polymer has a molecular weight of from 5,000 to 100,000. In further preferred embodiment, 
the polymer employed in the present invention is substantially a copolymer having a mole ratio of 5 to 75 moles 
of the N-substituted amide functionality-containing units to 25 to 95 moles of carboxylate-containing units. In 
30 another preferred embodiment, the polymer employed in the present invention is substantially a terpolymer hav- 
ing a mole ratio of from 5 to 85 moles of the N-substituted amide functionality-containing units, to from 10 to 
90 moles of carboxylate-containing units, and from 5 to 85 moles of unsubstituted amide-containing units. In 
further preferred embodiment, such terpolymers have a molecular weight of from about 5,000 to 100,000. In 
more preferred embodiment, the polymer is substantially a copolymer having a mole ratio of units of from 5 to 
35 50 moles of the N-substituted amide-containing units, to from 50 to 95 moles of the carboxylate-containing units. 
In other more preferred embodiment, the polymer is substantially a terpolymer having a mole ratio of units of 
from 5 to 70 moles of the N-substituted amide-containing units, to from 20 to 85 moles of the carboxylate-con- 
taining units, to from 5 to 60 moles of the unsubstituted amide-containing units. In more preferred embodiment, 
the copolymer or terpolymer has a molecular weight of from about 5,000 to about 85,000. In other preferred 
40 embodiment, the polymer is a copolymer or terpolymer having a mole ratio of units of from 5 to 50 moles of the 
N-substituted amide-containing units, to from 40 to 85 moles of the carboxylate-containing units, to from 0 to 
50 moles of the unsubstituted amide-containing units. In other preferred embodiment, the polymer is substan- 
tially a terpolymer having a mole ratio of units of from 5 to 50 moles of the N-substituted amide-containing units, 
to from 40 to 85 moles of the carboxylate-containing units, to from 10 to 50 moles of the unsubstituted amide- 
45 containing units ; in other preferred embodiment, the polymer is such a terpolymer having a molecular weight 
from 5,000 to 50,000. 

In further preferred embodiment, the polymer employed in the present invention is an acrylic 
acid/sulfomethyl (meth)acrylamide copolymer; acrylic acid/sulfoethyl (meth)acrylamide copolymer; acrylic 
acid/(meth)acrylamide/sulfomethyl (meth)acrylamide terpolymer ; acrylic acid/(meth)acrylamtde/sulfoethyl 
50 (meth)acrylamide terpolymer ; acrylic acid/sulfopropyl (meth)acrylamide copolymer ; acrylic acid/(meth)acry- 
lamide/sulfopropyl (meth)acrylamide terpolymer; acrylic acid/(meth)acrylamide/2-hydroxy-3-sulfopropyl 
(meth)acrylamide terpolymer ; or acrylic acid/(meth)acrylamide/sulfophenyl (meth)acrylamide terpolymer. 

In preferred embodiment, the polymer employed in the present invention are terpolymers of acrylic acid 
and (meth)acrylamide with either sulfomethyl (meth) acrylamide or sulfoethyl (meth)acrylamide, having mole 
55 ratios of from 40 to 85 moles of acrylic acid, to from 10 to 50 moles of (meth)acrylamide, to from 5 to 40 moles 
of sulfomethyl (meth)acrylamide or sulfoethyl (meth)acrylamide, and preferably such terpolymers have a 
molecular weight of from 10,000 to 40,000. 

The polymeric compositions used in the present may be prepared by the molecular modification of a 
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preexisting polymer chain of suitable length so as to incorporate a sulfonate substituent, as distinguished from 
attempts to build up a sufficiently large polymer from sulfonated monomers. One post-modification procedure 
is the reaction of an amide-containing polymer, such as an acrylamide- or methacrylamide-containing polymer, 
and a selected aminosulfonic acid ; this reaction is believed to proceed by a transamidation mechanism. Such 

5 aminosulfonic acids include aminomethanesulfonic acid, 1-amino-2-hydroxy-3-propanesulfonic acid, 2-ami- 
noethanesulfonic acid, 2-aminoethanesulfonic acid (taurine), 4-aminobenzenesulfonic acid (p-sulfanilic acid), 
and 3-aminobenzenesulfonicacid (metanilicacid). In addition, the alkali metal salts of these acids may be used 
in the preparation of the polymers used in the present invention. The selected aminosulfonic acid is advan- 
tageously added to a water solution of sodium hydroxide and the amide-containing polymer reactant, and the 

10 resultant mixture is then heated in a pressure reactor to a suitable temperature, such as 150°C, for a suitable 
length of time, such as 4 to 5 hours, after which the mixture is cooled and then either concentrated or dewatered 
to recover the adduct. Sulfomethylamide polymers can also be prepared by reacting a polyamide, such as an 
acrylamide-containing polymer, with formaldehyde- bisulfite or with aminomethane sulfonic acid at a suitable 
temperature, such as 150°C., for a suitable length of time, such as 4-5 hours. 

15 

Example 1 
Polymer Preparation 

20 A mixture of poly(acrylamide) [50 mole %] — acrylic acid) (150 g 31.5% solution in water, Mw 55,700) ; 

taurine (16.7 g) ; and sodium hydroxide (10.6 g 50% solution in water) was heated in a mini Pan* pressure reac- 
tor at 150°C. for four hours. The reaction mixture was then cooled to room temperature. The molecular weight 
of the resulting polymer, determined by GPC using polystyrene sulfonate standard, was 56,000. The compo- 
sition of the polymer was determined both by C-13 NMR and colloid titration and was found to contain about 

25 50% carboxylate, 31% primary amide, and 19% sulfoethylamide. 

Example 2 
Polymer Preparation 

30 

A mixture of poly(acrylamide [75 mole %] — acrylic acid) (150 g of 27.5% solution in water) ; sulfanilic acid 
(20.4 g) ; sodium hydroxide (9.3 g of 50% solution) ; and 10.5 g of water was heated in a mini Parr pressure 
reactor at 1 50°C. for five hours. The reaction mixture was thereafter cooled to room temperature. The molecular 
weight of the resulting polymer was 1 1 ,500 as determined by GPC using polystyrene sulfonate standard. The 
35 polymer contained about 5% sulfophenylamide, 47.5% primary amide, and 47.5% carboxylate as estimated by 
C-13 NMR. 

Example 3 

40 Polymer Preparation 

A mixture of poly(acrylamide [75 mole %] — acrylic acid) (150 g. of 27.5% solution in water) ; aminomethane 
sulfonic acid (1 3.2 g) ; and sodium hydroxide (1 0.2 g of 50% solution) was heated in a mini Parr pressure reactor 
at 125°C. for four-and-a-half hours. The reaction mixture was thereafter cooled to room temperature. The 
45 molecular weight of the resulting polymer was 15,900 as determined by GPC using polystyrene sulfonate stan- 
dard. The polymer contained about 45% acrylic acid, 40% acrylamide, and 1 5% su If omethyl acrylamide as esti- 
mated by 013 NMR. 

The aqueous system in which the present process may be employed may be any aqueous system, regard- 
less of whether the water therein is generally flowing or static, but in preferred embodiment the aqueous system 
50 is a commercial aqueous system, such as cooling water systems, water distribution systems, boiler water sys- 
tems, and the like, wherein it is desirable to avoid the accumulation of deposits on surfaces in contact with the 
water, and wherein soluble iron within the water of the system is, or may be, subject to oxidizing condition(s) 
that otherwise would lead to the precipitation and accumulation of iron hydr(oxide). 

As explained above, the process of the present invention includes water systems wherein soluble iron is 
55 introduced into the waters by any means and wherein the oxidizing condition(s) that could lead to the deposit 
of iron hydr(oxide) is of any type. A preferred embodiment of the process is a process wherein the oxidizing 
condition is an increase in the pH of the water that carries the soluble iron, in the presence of oxygen, to a pH 
of greater than 7.0, and in more preferred embodiment to a pH of 8.0 or higher. The water that carries the soluble 
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iron hydr(oxide) may be subjected to such an increase in pH when it mixes with a stream of water of such or 
higher pH, or more directly by the introduction into the water of some pH-increasing agent. 

The polymer used in the present process has been found to be extremely effective in the stabilization of 
iron hydr(oxide) when added to, or maintained in, waters wherein soluble iron is introduced and subject to oxidi- 

5 zing condition(s). In addition, the polymer generally inhibits such scale as calcium phosphate and calcium 
organophosphate scale in the presence of iron and hence the process is a practical one for the stabilization of 
iron hydr(oxide) in systems where other scale is a problem. 

The degree of stabilization provided by the present process depends upon the level of soluble iron that is 
present in the water being treated, the level of the polymer of the present process being added or maintained, 

10 the level of oxidizing condition, for instance the pH to which the water is raised, the temperature of the water, 
the duration of time during which the water is at an elevated temperature, and other variables. Hence the pro- 
cess of the present invention, for a number of reasons such as water conditions and economic practicalities, 
may be used to merely reduce the accumulation of iron hydr(oxide) deposits within the aqueous system rather 
than to eliminate such deposits. 

15 Hence given the numerous variables effecting the degree of stabilization provided by the present process 

and given the various degrees of performance that may deemed reasonable in a given circumstance, the 
amount of polymer to be deemed effective in terms of its concentration level in the water of an aqueous system 
is not reasonably definable. In typical industrial aqueous systems using typical source waters and not subjected 
to unusual means for introducing soluble iron an effective amount of the polymer of the present invention is 

20 generally from about 0.1 to 50 ppm concentration of such polymer in the water, and preferably from about 1 .0 
to about 25 ppm. In many aqueous systems, a level of polymer of the present invention in the amount of from 
0.5 to 1 ppm of polymer for every 1 ppm of soluble iron may be deemed an effective amount, particularly when 
the oxidizing condition is substantially an increase in pH to a pH of greater than 7.0, and more preferably to a 
pH of 8.0 or higher. The efficacy of the process of the present invention is further described and demonstrated 

25 in the following working Example 4. 

Example 4 

A test and comparative tests were performed to similate the effectiveness of the present process in stabi- 

30 lizing iron hydr(oxide) as formed in situ under conditions often found in industrial aqueous systems, such a cool- 
ing towers. An aqueous test solution was prepared containing 10 ppm soluble iron (Fe +2 ) plus a commonly 
encountered amount of calcium and magnesium ions. This test solution as prepared has a pH of less than 7.0. 
To equal aliquots of this test solution was added various dosages certain polymers, including a polymer of the 
present invention and other polymers of the type used commercially for scale inhibition and at times iron deposit 

35 inhibition. The aliquots were then each treated to raise the pH above 7.5, heated with stirring for a certain time 
period, and then allowed to stand at room temperature for a certain time period. Unfiltered samples were then 
taken from the top portion of each aliquot and these samples were analyzed for iron content by atomic absorp- 
tion analysis. The higher the iron content in the top part of the aliquot the higher was the stabilization activity 
of the polymer tested ; for instance a level of 10 ppm iron would be 100 percent stabilization rating. The results 

40 were reported in percent stabilization. Ail aliquots were processed in an identical manner, including the pH to 
which they were raised, the pH increasing agent used, the length and temperature of the heating period, the 
degree of agitation during the heating period, the length of time the aliquot was allowed to stand at room tem- 
perature until sampled, and the portion of the aliquot from which the sample was taken. The polymers so tested 
were generally tested at varying dosages, reported below in ppm. The test results, dosages, and identity of the 

45 polymers tested are set forth below in Table I. The identity of the polymers is given in terms of the mole ratios 
of monomers and molecular weights. The identity of the monomers is indicated by abbreviations defined just 
below Table I. For a given polymer dosage where no results are reported, that polymer was not tested at that 
dosage level. Although no "blank" is set forth on Table I, a plurality of such tests with no water treatment agent 
indicates that such a blank would have a stabilization percent rating of typically about 1 percent, although this 

so rating has been found to vary up to about 5 percent. 
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Industrial Applicability of the Invention 

The present invention is applicable to industries wherein the reduction of iron deposits in aqueous systems 
arising from the presence of soluble iron in the waters thereof is desirable, such as in industries using cooling 
5 towers and boilers and the like. 


Claims 


10 1 . A process for stabilizing iron (hydr)oxide formed under oxidizing conditions in an aqueous system which 

contains dissolved iron by adding a polymer to the aqueous system, characterized in that a polymer is added 
which has a molecular weight of from 5.000 to 100.000 and is substantially derived from ethylenically unsatu- 
rated amide-containing and carboxylate-containing monomers and contains pendant N-substituted amide 
functionality within its polymer units having the chemical formula of 


20 


H 
) 

I 

H 


R ' 
l 

i 

c = o 
i 

N - R 
i 

R L 


- X 


25 wherein R' is hydrogen or methyl, R t is hydrogen or alkyl and R is alkylene having 1 to 3 carbon atoms or 
phenylene, X is sulfonate and said alkylene or phenylene may be further substituted with hydroxy, the N-sub- 
stituted amide-functionality being formed by a modifying reaction of a preexisting polymer chain so that at least 
some of the amide-functionality is converted to said N-substituted amide-functionality, the polymer being added 
in an amount effective to stabilize said iron and at least to prevent or reduce formation of (hydr)oxide deposits 

30 upon an increase in oxidizing condition. 

2. The process of claim 1 , characterized in that said polymer added is a terpolymer which further contains 
unsubstituted amide-functionality. 

3. The process of claim 1 or 2, characterized in that the polymer has a molar ratio corresponding to 5-85 
moles of said N-substituted amide functionality-containing units and 15-95 moles of the other units. 

35 4. The process of any of claim 1 to 3, characterized in that the polymer has a molar ratio corresponding to 

5-75 moles of said N-substituted amide functionality-containing units and from 25-95 moles of carboxylate-con- 
taining units. 

5. The process of any of claims 1 to 3, characterized in that the polymer has a molar ratio corresponding 
to 5-85 moles of said N-substituted amide functionality-containing units, from 10-90 moles of carboxylate-con- 

40 taining units and from 5-85 moles of unsubstituted amide-containing units. 

6. The process of claim 1, characterized in that the polymer is a copolymer which has a molar ratio corre- 
sponding to 5-50 moles of said N-substituted amide-containing units and 50-95 moles of carboxylate-containing 
units and has a molecular weight from 5.000 to 85.000. 

7. The process of claim 1 , characterized in that the polymer is a terpolymer having a molar ratio correspond- 
45 ing to about 5-70 moles of said N-substituted amide functionality-containing units, from 20-85 moles of car- 
boxylate-containing units from 5-60 moles of unsubstituted amide-containing units and has a molecular weight 
from 5.000 to 85.000. 

8. The process of any of claims 1 to 5, characterized in that the polymer is a terpolymer having a molar 
ratio corresponding to about 5-50 moles of said N-substituted amide functionality-containing units, from 40 to 

so 85 moles of carboxylate-containing units and from 1 0 to 50 moles of unsubstituted amide-containint units and 
has a molecular weight from 5.000 to 50.000. 

9. The process of claim 4 or 6, characterized in that the polymer is a copolymer of acrylic acid and sul- 
fomethyl meth(acrylamide or sulfoethyl (meth)acrylamide. 

10. The process of claim 5, characterized in that the polymer is a terpolymer of acrylic acid, 
55 (meth)acrytamide and sulfomethyl (meth)acrylamide, sulfoethyl (meth)acrylamide, 2-hydroxy-3-sulfopropyl 

(meth)acrylamide or sulfophenyl (meth)acrylamide. 

11. The process of claim 10, characterized in that the terpolymer is containing acrylic acid/(meth)acryla- 
mide/sulfomethyl (meth)acrylamide or sulfoethyl (meth) acrylamide units in a molar ratio respectively of 40- 
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85/10-40/5-40 and has a molecular weight from 10.000 to 40.000. 

12. The process of any of claim 1 to 11, characterized in that the polymer is added in an amount of 1,0 to 
50 ppm. 

13. The process of any of claims 1 to 12, characterized in that the polymer is added in an mount of 0,5 to 
5 1 ppm of polymer per 1 ppm of soluble iron. 

14. The process of any of claims 1 to 13, characterized in that the water being subjected to an increase in 
pH greater than 7,0 and preferably to a pH of 8,0 or higher. 


w Patentanspruche 

1 . Verfahren zur Stabilisierung von Eisen(hydr)oxid, das sich unter oxidierenden Bedingungen in einem 
geldstes Eisen enthaltenden waBrigen System bildet, wobei dem waBrigen System ein Polymer zugesetzt wird, 
dadurch gekennzeichnet , daB man ein Polymer zusetzt, das ein Molekulargewicht von 5.000 bis 100.000 auf- 
15 weist und sich im wesentlichen von ethylenisch ungesattigten Amid-haltigen und Carboxylat-haltigen Mono- 
meren ableitet und innerhalb seiner Polymereinheiten seitenstandige N-substituierte Amid-Funktionalitat der 
folgenden chemischen Formel aufweist 

H R ' 

20 ' • 

-Y--C C- 

i i 

H C 

25 , 

N 


worin 

R' Wasserstoff Oder Methyl, R, Wasserstoff oder Alkyl und R Alkylen mit 1 bis 3 Kohlenstoffatomen oder 
Phenylen und X Sulfonat ist und dieses Alkylen oder Phenylen weitermit Hydroxy substituiert sein kann, wobei 

35 die N-substituierte Amid-Funktionalitat durch eine Modifizierungsreaktion an einervorgegebenen Polymerkette 
gebildet wurde und zwar so, daft mindestens einige der funktionellen Amidgruppen in diese N-substituierte 
Amid-Funktionalitat uberfuhrt werden, und daB man das Polymer in einer wirksamen Menge zusetzt, urn das 
Eisen zu stabilisieren und die Bildung von (Hydr)oxid-Abscheidungen bei Verstarkung der oxidierenden Bedin- 
gungen zu verhindern oder zumindest herabzusetzen. 

40 2. Verfahren nach Anspruch 1 , dadurch gekennzeichnet , daB das zugesetzte Polymer ein Terpolymer ist, 

das auBerdem unsubstituierte Amid-Funktionalitat enthalt. 

3. Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet , dad das Polymer ein Molverhaltnis ent- 
sprechend 5 bis 85 Molen an N-substituierte Amid-Funktionalitat enthaltenden Einheiten und 15 bis 95 Molen 
anderer Einheiten aufweist. 

45 4. Verfahren nach einem der Anspriiche 1 bis 3, dadurch gekennzeichnet , daB das Polymer ein Molver- 

haltnis entsprechend 5 bis 75 Molen an N-substituierte Amid-Funktionalitat enthaltenden Einheiten und 25 bis 
95 Molen an Carboxylat enthaltenden Einheiten aufweist. 

5. Verfahren nach einem der Anspriiche 1 bis 3, dadurch gekennzeichnet , daB das Polymer ein Molver- 
haltnis entsprechend 5 bis 85 Molen an N-substituierte Amid-Funktionalitat enthaltenden Einheiten, 10 bis 90 

so Molen an Carboxylat enthaltenden Einheiten und 5 bis 85 Molen unsubstituierter Amid-enthaltender Einheiten 
aufweist 

6. Verfahren nach Anspruch 1 , dadurch gekennzeichnet , daB das Polymer ein Copolymer ist, welches ein 
Molverhaltnis entsprechend 5 bis 50 Molen an N-substituierte Amid-Funktionalitat enthaltenden Einheiten und 
50 bis 95 Molen an Carboxylat enthaltenden Einheiten und ein Molekulargewicht von 5.000 bis 85.000 aufweist. 

55 7. Verfahren nach Anspruch 1, dadurch gekennzeichnet , daB das Polymer ein Terpolymer ist mit einem 

Molverhaltnis entsprechend etwa 5 bis 70 Molen an N-substituierte Amid-Funktionalitat enthaltenden Einheiten, 
20 bis 85 Molen an Carboxylat enthaltenden Einheiten und 5 bis 60 Molen an unsubstituierten Amid enthal- 
tenden Einheiten und mit einem Molekulargewicht von 5.000 bis 85.000. 


-->- 

= 0 

- R - X 


9 


EP 0 330 876 B1 


8. Verfahren nach einem der Anspruche 1 bis 5, dadurch gekennzeichnet , dad das Polymer ein Terpolymer 
ist mit einem MolverhSltnis entsprechend etwa 5 bis 50 Molen an N-substituierte Amid-Funktionalitat enthal- 
tenden Einheiten, 40 bis 85 Molen an Carboxylat enthaltenden Einheiten und 10 bis 50 Molen an unsubstituier- 
tes Amid enthaltenden Einheiten und mit einem Molekulargewicht von 5.000 bis 50.000. 
5 9. Verfahren nach Anspruch 4 oder 6, dadurch gekennzeichnet , daR das Polymer ein Copolymer aus Acryl- 

saure und Sulfomethyl-(meth)acrylamid oder Sulfoethyl(meth)acrylamid ist 

1 0. Verfahren nach Anspruch 5, dadurch gekennzeichnet , dad das Polymer ein Terpolymer aus Acrylsaure, 
(Meth)acrylamid und Su!fomethyl(meth)acrylamid, Sulfoethyl(meth)acrylamid, 2-Hydroxy-3-sulfopro- 
pyl(meth)acrylamid oder Sulfophenyl-(meth)acrylamid ist. 
w 11. Verfahren nach Anspruch 10, dadurch gekennzeichnet , dafc das Terpolymer Acrylsaure/(Meth)acryl- 

amid/Sulfomethyl(meth)acrylamid- oder Sulfoethyl (me th)acryl amid- Einheiten in einem Molverhaltnis von 40- 
85/10-50/5-40 enthalt und ein Molekulargewicht von 10.000 bis 40.000 aufweist. 

12. Verfahren nach einem der Anspruche 1 bis 11, dadurch gekennzeichnet , daB das Polymer in einer 
Menge von 1 ,0 bis 50 ppm zugesetzt wind. 
15 13. Verfahren nach einem der Anspruche 1 bis 12, dadurch gekennzeichnet , dali das Polymer in einer 

Menge von 0,5 bis 1 ppm Polymer pro 1 ppm losliches Eisen zugesetzt wird. 

14. Verfahren nach einem der Anspruche 1 bis 13, dadurch gekennzeichnet , dali das Wasser einer 
Zunahme im pH-Wert groRer als 7,0 und vorzugsweise bis zu einem pH-Wert von 8,0 oder hoher unterzogen 
wird. 

20 


Revendications 


1 . Procede pour stabiliser l'(hydr)oxyde de fer forme dans des conditions oxydantes dans un systeme 
25 aqueux qui contient du fer dissous par addition d'un polymere au systeme aqueux, caracterise en ce qu'on 
ajoute un polymere qui a une masse moleculaire de 5.000 a 1 00.000 et est issu essentiellement de monomeres 
a insaturation ethylenique contenant des groupes amide et carboxylate et comprend une fonctionnalite amide 
N-substitue pendante dans ses unites polymeres repondant a la formule chimique 

30 

H R ' 

-{-C C-* — 

H C = 0 

35 N - F - X 


dans laquelle R' est I'hydrogene ou un groupe methyle, est I'hydrogene ou un groupe alkyle et R est un 
40 groupe alkylene ayant 1 a 3 atomes de carbone ou un groupe phenylene, X est un groupe sulfonate, et ledit 
groupe alkylene ou phenylene peut en outre Stre substitue par des groupes hydroxy, la fonctionnalite amide 
N-substitue etantformee par une reaction de modification d'une chaTne polymere preexistante telle qu'au moins 
une partie de la fonctionnalite amide soit convertie en ladite fonctionnalite amide N-substitue, le polymere etant 
ajoute en une quantite efficace pour stabiliser ledit fer et au moins pour empecher ou reduire la formation de 
45 depdts d'(hydr)oxyde lors d'un accroissement de I'etat oxydant. 

2. Proc6de selon la revendication 1, caracterise en ce que ledit polymere ajoute est un terpolymere conte- 
nant en outre une fonctionnalite amide non substitue. 

3. Procede selon Tune des revendications 1 ou 2, caracteris6 en ce que le polymere a un rapport molaire 
correspondant a 5-85 moles des dites unites contenant une fonctionnalite amide N-substitue et 15-95 moles 

50 des a utres unites. 

4. Procede selon Tune quelconque des revendications 1 a 3, caracterise en ce que le polymere a un rapport 
molaire correspondant a 5-75 moles des dites unites contenant une fonctionnalite amide N-substitue et 25-95 
moles d'unites contenant un groupe carboxylate. 

5. Procede selon Tune quelconque des revendications 1 a 3, caracteris6 en ce que le polymere a un rapport 
55 molaire correspondant a 5-85 moles des dites unites contenant une fonctionnalite amide N-substitue, 10-90 

moles d'unites contenant un groupe carboxylate et 5-85 moles d'unites contenant un groupe amide non subs- 
titue. 

6. Procede selon la revendication 1, caracterise en ce que le polymere estun copolymere qui a un rapport 
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molaire correspondent a 5-50 moles des dites unites contenant un amide N-substitue et 50-95 moles d'unites 
contenant un groupe carboxylate et a une masse moleculaire de 5.000 a 85.000. 

7. Procede selon la revendication 1 , caracterise en ce que le polymere est un terpolymere ayant un rapport 
molaire correspondent a 5-70 moles des dites unites contenant une fonctionnalite amide N-substitue, 20-85 
moles d'unites contenant un groupe carboxylate et 5-60 moles d'unites contenant un groupe amide non subs- 
titue et a une masse moleculaire de 5.000 a 85.000. 

8. Procede selon I'une quelconque des revendications 1 a 5, caracterise en ce que le polymere est un ter- 
polymere ayant un rapport molaire correspondant a environ 5-50 moles des dites unites contenant une fonc- 
tionnalite amide N-substitue, 40 a 85 moles d'unites contenant un groupe carboxylate et 10 a 50 moles d'unites 
contenant un groupe amide non substitue et a une masse moleculaire de 5.000 a 50.000. 

9. Procede selon la revendication 4 ou 6, caracterise en ce que le polymere est un copolymere d'acide 
acrylique et d'amide sulfomethyl (meth)acrylique ou d'amide sulfoethyl (meth)acrylique. 

10. Procede selon la revendication 5, caracterise en ce que le polymere est un terpolymere d'acide acry- 
lique, d'amide (meth)acrylique et d'amide sulfomethyl (meth)acrylique, d'amide sulfoethyl (meth)acrylique, 
d'amide 2-hydroxy-3-sulfopropyl (meth)acrylique ou d'amide sulfophenyl (meth)acrylique. 

1 1 . Procede selon la revendication 1 0, caracterise en ce que le terpolymere contientdes unites acide acry- 
lique/amide (meth)acry1ique/amide sulfomethyl (meth)acrylique ou amide sulfoethyl (meth)acrylique dans un 
rapport molaire respectivement de 40-85/10-50/5-40 et a une masse moleculaire de 10.000 a 40.000. 

1 2. Procede selon I'une quelconque des revendications 1 a 1 1 , caracterise en ce que le polymere est ajoute 
en une quantite de 1,0 a 50 ppm. 

1 3. Procede selon I'une quelconque des revendications 1 a 1 1 , caracterise en ce que le polymere est ajoute 
en une quantite de 0,5 a 1 ppm de polymere pour 1 ppm de fer soluble. 

14. Procede selon I'une quelconque des revendications 1 a 1 1, caracterise en ce que I'eau est soumise a 
une augmentation du pH depassant 7,0 et de preference portant le pH a une valeur de 8,0 ou plus. 
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